MATERIALS AND METHODS

Subject enrollment
A total of 15 volunteer subjects were enrolled in the study. The Caucasian subjects, aged 18–55
years, were inclusive of both men and women. Each participant gave written consent before
enrollment into the study. Institutional Review Board approval was obtained (Allendale
Institutional Review Board; 7015-090-104/106-002; August 10, 2015).
All subjects were free of any systemic or dermatological disorders, including a known history of
allergies or other medical conditions that could interfere with the conduct of the study or
interpretation of results. They agreed to use no topical products or cosmetics on their forearms
other than those comprising the clinical protocol. The subjects were also instructed to avoid
excessive sun exposure and artificial tanning, as well as swimming, for the duration of the study.
At the pre-treatment visit, subjects were screened, and those who met all inclusion and exclusion
criteria were enrolled in the study.
Experimental research protocol
The subjects’ forearms were randomized (right and left) and were divided into 4 zones: (1) MIX
1 (15% L-ascorbic acid + 1% Alpha-tocopherol + 0.5% Ferulic acid; CE Ferulic, SkinCeuticals
Inc., New York, NY), (2) MIX 2 (10% L-ascorbic acid + 2% Phloretin + 0.5% Ferulic acid;
Phloretin CF, SkinCeuticals Inc., New York, NY), (3) untreated/ O3 exposed (Figure S1), (4)
untreated/unexposed on the lateral forearm The product-treated zones were treated daily for 3 days
(day 1 – day 3) prior to O3 exposure, and throughout the course of the study (day 4 – day 8). The
subjects’ forearms were exposed to 0.8 ppm O3 for 3 hrs/day for 5 consecutive days (Figure S2).
Ozone exposure
O3 was generated from O2 by an electrical corona arc discharge (Model 306 ozone Calibration
Source, 2B Technologies, Ozone Solution, USA), as previously described (Valacchi et al., 2016).
Briefly, the O2–O3 mixture (95% O2, 5% O3) was combined with ambient air and allowed to flow
into a Teflon-lined exposure chamber. The O3 concentration in the chamber was adjusted to
varying ppm outputs and continuously monitored by an O3 detector. The forearms were exposed
inside a plexiglass box, in direct exposure to O3. Temperature and humidity were monitored during
exposures (25°C and 45–55%, respectively).

The following pictures show the apparatus and procedure for forearm exposure to O3 (Figure S1);
as it is possible to observe in Figure S2, three zones were selected in the randomized forearm of
subject, each of 2 cm2: (1) MIX 1 (15% L-ascorbic acid + 1% Alpha-tocopherol + 0.5% Ferulic
acid; CE Ferulic, (2) MIX 2 (10% L-ascorbic acid + 2% Phloretin + 0.5% Ferulic acid; Phloretin
CF, (3) untreated/ O3 exposed zone.

Figure S1. Zones selected in the randomized forearm for O3 exposure. Areas 1, 2 and 3 were
randomly chosen for the different treatments.

Figure S2. The Ozone Exposure Chamber. The ozone generator, settled up to 0.8 ppm, was
connected to a Plexiglass exposure chamber in a chemical hood.

Human tissue collection
A total of four 3-mm punch biopsies were collected from each subject immediately after the last
O3 exposure (day 8). Three biopsies were collected from the O3-exposed lateral forearm; one each
from the following zones: CE Ferulic treated, Phloretin CF treated, no product treated. One biopsy
was collected from untreated lateral forearm. Total number of biopsies: four biopsies per subject
(60 biopsies total). Samples were fixed in 10% buffered Formalin Solution for
immunohistochemical analysis.

Immunofluorescence
The fixed punch biopsies were embedded in paraffin and used to obtain 3 μm thick tissue sections.
Sections were briefly deparaffinised in xylene and rehydrated in graded ethanol solutions (100%,
95%, 80%, and 70%), 5 minutes each, and washed in dH2O. Antigen retrieval was obtained by
incubation with 10 mM sodium citrate buffer (pH 6.0) at a sub-boiling temperature for 20 min.
Sections were then cooled for 10 min, washed in phosphate-buffered saline (PBS), and incubated
overnight at 4 ºC with the following antibodies: 4-hydroxynonenal (Merck Millipore, Milano,
Italy), 8-iso Prostaglandin F2 alpha (Abcam, Milan, Italy), NF-κB p65 subunit (Santa Cruz
Biotechnology, Inc., Heidelberg, Germany), cyclooxygenase-2 (Cell Signaling Technology,
Danvers, MA, USA), metalloproteinase-9 (Thermo Fisher Scientific Inc., Monza, Italy), Type I
collagen (Abcam, Cambridge, UK) and Type III collagen (Thermo Fisher Scientific Inc., Monza,
Italy). The slides were washed 3 times with PBS and incubated with the fluorochrome-conjugated
secondary antibodies: Alexa Fluor 488 or 568 (Thermo Fisher Scientific Inc.) for 1 hour at room
temperature in the dark. Slides were washed with PBS and mounted with Antifade. In each case,
a negative control was generated by omitting the primary antibody. Images were acquired with a
microscope Leica AF CTR6500HS (Microsystems).

Immunofluorescence quantification
Fluorescent signal was semi-quantified by using ImageJ software, using the corrected total section
fluorescence (CTSF) formula, according to a previously reported method (Potapova et al., 2011;
McCloy et al., 2014). An area of interest (ROI) in each section was selected using the polygon
drawing/selection tool, in order to analyze only the fluorescence signal from the skin tissue.
Selecting the ‘Measure' function from the “Analyze” menu provided the area, the mean grey value,

and the integrated density of the ROI. The mean background level was obtained by measuring the
intensity of regions untreated with primary-Ab (expressing a basic fluorescence noise of the
analyzed tissue, i.e. the background). We used the following formula to calculate the CTSF:
Integrated Density of ROI - (Area of ROI X Fluorescence of background readings). CTSF values
were examined in a total of 180 section (3 per condition/marker).

Statistical analysis
All subjects who completed the study were included in the statistical analysis. Results are
expressed as means ± SD. Statistical comparisons were performed using the Student t-tests. A p
value of < 0.05 was considered statistically significant.
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